The formation of many supramolecular polymers involves a nucleation-elongation mechanism analogous to a chain-growth covalent polymerization where a slow, unfavourable nucleation step is followed by rapid, favourable elongation. 2, 4, 5 However, a key challenge in the field is to obtain molar mass control and access to monodisperse and segmented ("block") structures. This is readily achieved for covalent polymers through "living" chain-growth polymerizations, where addition of an initiator leads to chain propagation under conditions where side reactions, such as chain transfer and termination, are absent. 7 Significantly, isolation of monodisperse and segmented supramolecular polymers also requires the use of conditions where intrinsic dynamic behavior is suppressed in order to prevent the rapid equilibration that would lead to molar mass distribution broadening and microstructure randomization.
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A particularly interesting class of supramolecular polymers is formed by square-planar transition metal complexes typically based on Pt(II) or Au(I)/(III) centres and one or more flexible solvophilic ligands. [15] [16] [17] [18] [19] [20] These species readily aggregate by cofacial stacking modulated by π-π, metallophilic, and often hydrogen bonding interactions to yield multimicron long 1D fibers that form organogels. The fibers offer promising emissive properties, resistance to photobleaching, excitation with red or near IR light for bioimaging applications, and potential anticancer activity. [15] [16] [17] [18] However, although the aggregation behavior can be modified by the nature of the solvophilic ligand(s), control of the growth process is severely limited. Fiber length control is highly desirable as this may allow optoelectronic properties to be tuned and access to long-term colloidal stability to facilitate processing and utility. Recent work has shown that block copolymers (BCPs) with a crystallizable core-forming block self-assemble in selective solvents for the complementary corona-forming segment to form fiber-like micelles with a distribution of lengths. [21] [22] [23] [24] [25] The formation of fibers that are polydisperse in length can be attributed to the slow nucleation step preceding elongation. 2 This problem can be circumvented by the use of a 'seeded growth' method whereby the polydisperse micelles are first cleaved by ultrasound to form very short seed micelles that elongate on the subsequent addition of molecularly dissolved BCP. [26] [27] [28] Under conditions of kinetic control, this yields monodisperse fibers with a length determined by the ratio of the amount of added BCP to that of the seed. 26 This process has been termed 26 "living crystallization-driven self-assembly (CDSA)" due to the analogy with a living covalent polymerization of monomers in which chain length for the resulting monodisperse polymer is determined by the monomer to initiator ratio. 22, 26, 29, 30 This type of seededgrowth approach has recently been successfully applied to the formation of supramolecular 1D polymers formed by Zn porphyrins, 31 hexabenzocoronenes, 32 perylene diimides, 33 and peptide-based macrocyles. 34 In this communication we briefly report on our very promising preliminary results that demonstrate a similar method can be applied to the formation of supramolecular nanofibers from planar Pt(II) complexes.
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In this work we focused on self-assembly of an analog of the square-planar Pt(II) complexes with short tetra(ethylene glycol) (TEG) pendent groups attached to the metal-bond pyridyl ligand of the type examined by De Cola and coworkers. 35 The TEG-containing species were shown to selfassemble into organogels consisting of multimicron long supramolecular fibers of substantial width (ca. 50-100 nm) consisting of multiple π-stacked polymer chains. To facilitate more controlled assembly, we targeted a material with a longer and therefore more spatially demanding oligo(ethylene glycol) (OEG)-functionalized pyridyl solubilizing coil-forming substituent to limit inter-chain packing at the fiber core. Using this design, we prepared rod-like structures with a small diameter closer to the anticipated diameter for a single supramolecular polymer chain (ca. 1.252 nm based on X-ray diffraction data for a similar structure, †ESI, Fig. S7 ).
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The OEG-functionalized pyridyl solubilizing ligand (2) was prepared from tosylated OEG monomethyl ether (1) (M n = 750 g/mol) and 4-hydroxypyridine. A mixture of 2, PtCl 2 (dimethyl sulfoxide) 2 as Pt(II) source, and a tridentate N^N^N ligand (2,6-di(1H-tetrazol-5-yl)pyridine) in the presence of an HCl acceptor was refluxed in acetonitrile (MeCN). After purification, 3 was isolated as a yellow solid in 66% yield and characterized by 1 H, 13 C NMR as well as matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectroscopy (for characterization data see †ESI).
Before conducting the controlled solution self-assembly studies, to gain insight into the stacking behaviour of this molecule, UV-visible absorption data of complex 3 in chloroform, CHCl 3 , at varying concentrations was obtained at room temperature (21 C)( †ESI, Fig. S6a ). At concentrations below 0.1 mg/mL, the pyridine-and tridentate-ligand-centred ( 1 LC) π-π* transitions were found at 315 and 335 nm, respectively. This is consistent with 3 existing in a molecularly dissolved (unimer) state under these conditions. However, on increasing the concentration to 0.1 mg/mL a metal-metal to ligand charge transfer band ( 1 MMLCT), which arises from strong intermolecular interactions between the planar complexes, was observed. [37] [38] [39] This is consistent with the formation of supramolecular polymeric stacks at concentrations exceeding 0.1 mg/mL. Having this result in hand, the self-assembly of complex 3 was carried out in solvents selective for the OEG ancillary ligand (Scheme 1).
Dissolution of the solid product 3 in organic solvents such as CHCl 3 , N,N-dimethylformamide (DMF) and MeCN at concentrations between 0.5-2 mg/mL formed clear yellow solutions at 21 C when left to age over 24 h. Drop casting these solutions on carbon-coated copper grids followed by solvent evaporation and TEM analysis revealed the formation of polydisperse fibers ( †ESI, Fig. S6 ) (e.g. in CHCl 3 -L n = 206 nm, L w = 355 nm, L w /L n = 1.73, σ/L n = 0.85 where L n is the numberaverage and L w the weight-average contour length, and σ is the standard deviation). This is typical for an elongation process preceded by spontaneous nucleation (Fig. 1b) .
Inspection of the TEM images for samples with concentrations between 0.1 and 1 mg/mL in CHCl 3 and MeCN, indicated that the fibers have small diameters (< 15 nm). The smaller diameter of these fibers compared to those discussed earlier for the TEG analogue 35 is likely due to the increased length of the solubilizing ligand. Significantly, staining of these nanostructures was unnecessary for TEM imaging as the contrast of the fibers observed relative to the carbon film is the result of the electron density afforded by the stacked Pt core-forming moiety. Based on TEM analysis of aliquots of the solution in MeCN, the fibers could be returned to their unimer state by heating the solution to 80 C for 1 h. When the solution was cooled to room temperature over 12 h, cylinders reformed slowly and patches of a film presumably formed by unimer were present on the TEM images ( †ESI, Fig. S8 ). We explored the use of a seeded growth approach based on the living CDSA method developed for BCPs with a crystallisable core-forming block. First, small seed fibers were prepared in chloroform. This was achieved by subjecting polydisperse fibers of 3, prepared in CHCl 3 , to gentle sonication at 0 C for 1 h in a sonication bath. The average contour length of the resulting fibers was determined by TEM analysis (L n = 60 nm, L w = 68 nm, L w /L n = 1.14, σ/L n = 0.35) ( †ESI, Fig. S9) .
The ability to control fiber length was then examined through the addition of unimers of 3 in MeCN to the seeds. To separate solutions containing 20 µg of seed fibers in CHCl 3 (200 µL, 0.1 mg/mL) at 21 C, different amounts of unimer (5 µg, 10 µg, 20 µg, 40 µg, and 80 µg) were added from an MeCN solution (2 mg/mL) heated to 80 C. The solutions were aged Scheme 1. Schematic representation of the formation of fibers from 3. Dissolving the material in an OEG selective solvent produces a solution of polydisperse length cylinders; sonicating a solution of polydisperse fibers forms short seed fibres.
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Please do not adjust margins for 24 h at 21 C. TEM analysis showed the lengths (L n ) of the fibers had increased to 150, 178, 254, 390, and 602 nm, respectively. The length distributions were narrow up to L n = 390 nm (L w /L n = 1.21) but increased for the longest fibers (Fig.  2, Table 1 ). Interestingly, the contour length of the resulting fibers is larger than that predicted based on the unimer to seed mass ratio. This is particularly evident after the first addition to the seeds (L n = 60 nm) where the resulting fibers were found to possess a length of L n = 150 nm (Fig. 2b) . A significantly larger than expected increase in average contour length has also been observed in other systems and may be due to fiber width of the elongated section being smaller than that of the seed. 40, 41 It is also possible that, in the case of the first addition, some of the seeds formed by sonication are not active to further growth. The increase in the breadth of the length distribution for fibers of length L n = 600 nm may be a consequence of increased competition from spontaneous nucleation in the case of longer fiber formation from larger amounts of unimer. We also examined the absorption spectra for fibers of differing length and saw no shiŌ in the MMLCT band ( †ESI, Fig. S15 ). This suggests that the maximum conjugation length is < 50 nm.
The supramolecular fibers formed by 3 have the potential to undergo dynamic exchange of the monomeric Pt(II) building blocks. To explore this possibility, the length distribution for a sample in chloroform at 0.1 mg/mL with L n = 247 nm, L w /L n =1.30 was monitored over the course of 3 days. However, no appreciable difference in L n or L w /L n was detected within experimental error, which suggests that the fibers are kinetically trapped under the conditions used ( †ESI, Fig. S16) .
The preliminary results demonstrate that the use of a seeded growth approach, analogous to the living CDSA method used to control the length of fiber-like BCP micelles, can be applied to a planar Pt(II) complex with pendent oligo(ethylene glycol) substituents (3) that forms supramolecular polymeric fibers. Rather than forming the gels characteristic of long fibers generated in previous work under uncontrolled growth conditions involving spontaneous nucleation, the shorter (up to ca. 600 nm) fibers formed by 3 possess relatively narrow length distributions (especially up to ca. 400 nm). The fibers the formed remain colloidally stable in solution for at least 6 months ( †ESI, Fig. S17 ). Furthermore, no significant change in the fiber lengths or length distribution was noted over 3 days indicating that the seeded growth process proceeds under kinetic control where dynamic exchange processes are effectively suppressed.
In summary, these promising preliminary results with supramolecular polymers based on planar Pt(II) complexes suggest that the seeded growth approach is likely to be applicable to a wide variety of planar species based on different metal/ligand combinations that are known to stack to form fiber-like structures and also to other related systems. Moreover, the addition of BCPs with different corona-or coreforming blocks to seed micelles has been shown to yield welldefined block co-micelles with segmented structures by living CDSA. A similar approach applied to self-assembling planar metal complexes would be expected to give rise to unique segmented structures with interesting combinations of properties and potential for hierarchical assembly. 42 The preparation of more well-defined and much shorter seed micelles 26 in order to further improve growth uniformity and the polydispersity of the fiber samples is also an important future target.
